Abstract: Landslides are one of the most common and dangerous threats in the world that generate Scatters (PSs) of the scene limits in practice the application of this technique. Thus, it is crucial to 6 be able to detect as much PSs as possible which can be usually embedded in decorrelated areas. 
phenomenon after the removal of the Valira Glacier during the Pleistocene, after the Maximum Ice
126
Extent. The Valira River has been progressively eroding the base of the whole mass without reaching 127 the bedrock, and thus originating the landslide [42] .
128
In front of some evidences of displacement (geomorphological signs of instability and some Santacana, 1994 [42] ).
SAR Dataset

141
In this study, the slides' motion is monitored with 32 staring spotlight TerraSAR-X (TSX) Single
142
Look Complex (SLC) SAR images. This imaging mode is the classical spotlight mode and it is able 143 to enhance the azimuth resolution, compared with the stripmap mode, by steering the antenna in 144 azimuth to a rotation center within the imaged scene [46] . The coverage of the SAR images is around 145 6.5 km in length and 3 km in width, which has been plotted in Figure 2a (yellow rectangle). The SAR 146 image main parameters are presented in Table 1 . 147 An amplitude image of the SAR dataset is presented in Figure 2b . As it can be seen, the SAR 148 images' geometric distortion effects (i.e. foreshortenting, shadow and layover) are not serious within 149 the study area limit. The extended brighter areas of the image are those affected by the foreshortening 150 and layover, due to the steepest topography. Dark areas are those affected by shadowing. This is favoured by a certain parallelism between the topography of the slope and the LOS from the satellite, Amplitude of a SAR image in radar coordinates (azimuth, slant-range) acquired by the TerraSAR-X sensor in staring spotlight mode, the red line illustrates the boundary of the study area limit.
GPS Validation Data
157
The Canillo landslide is monitored with the Global Positioning System (GNSS/GPS) since and 2 cm in elevation [7] .
168
Three GPS campaigns fit within the study period: October 2014, October 2015 and October 2016.
169
The 6 base points (E1, E2, E3, E4, E6 and G44 in Figure 3 landslide with the aim of providing a comprehensive overview of its behavior.
174
The results of the displacement observed at the reference points (points E and G44 in Figure   175 3), outside the landslide, are within the range of the error and therefore can be considered stable,
176
as expected. Among the 72 GPS control points within the study area limit, 37 are selected for PSI 177 results' validation. The correspondence between GPS points and the PSs has been made with proximity 178 criteria but also discarding any change of geomorphological sub-unit. The difference between GPS and 179 PSI in terms of precision, spatial resolution and temporal resolution is noticeable, but the measured 180 displacement of these selected GPS control points can be used to examine the reliability of the PSI 181 derived ground displacement, as it will be done in Section 4.2.
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Figure 3. The locations of the GPS measurement points. The filled blue triangles and red circles indicate the GPS base points and control points, respectively.
Methodology
183
In this Section, the different PSI strategies that will be compared in this paper are introduced.
184
Most of the processing steps are identical for all of them, so the description will be focused on the 185 different PS identification methods used that characterize each strategy. [17, 20] .
202
In this study, in order to limit the influence of geometrical and temporal decorrelation on One of the characteristics of X-band data is that it decorrelates very fast in vegetated areas but, at 212 the same time, the coherent pixels are able to preserve their phase quality very well over time. In other all SAR images are obtained, the TSC of any arbitrary pixel (i, j) can be calculated with Equation (1) 248
where S 1 and S 2 are the pixel (i, j) corresponding complex values of the first and second sublook for The temporal sublook coherence (TSC) can be regarded as the classical coherence and, similarly, 
PS candidates selection by temporal phase coherence (TPC)
261
After removing the topographic term using an external DEM, the phase of a differential interferogram can be expressed as Equation (2) 
where ψ de f , ψ atm and ψ orb denote the phase terms introduced by displacement along LOS direction, atmospheric artifacts (atmospheric phase sceeen, APS) and SAR satellite orbit indeterminations. ψ ξ DEM is the residual phase due the DEM error, and ψ noise is the noise phase term. This latter term can be assumed to present a random behaviour in the neighbourhood of a given pixel while the other can be assumed to be deterministic. So, the noise phase term can be used as a metric of pixel's phase quality. The temporal phase coherence (TPC) can be used to evaluate the quality of a pixel from the behaviour of this phase noise along the stack of interferograms. TPC can be estimated based on ψ noise from all generated interferograms, as Equation (3) shows
where M is the number of interferograms and ψ noise,i is the noise phase term of the ith interferogram.
262
To obtain for each interferogram the noise phase term of a pixel it is necessary to estimate the 263 deterministic terms. In order to do that, the neighbouring pixels will be used assuming, in theory, a 264 spatial low-pass behaviour of all deterministic terms in the vicinity of the pixel whose TPC is being amplitude is used to give more significance to those pixels with higher amplitude in front of those
269
with lower values that, in principle, can be expected to be noisier and less reliable.
270
The first three terms of (2) can be assumed to be spatially low-pass. Indeed, APS, orbital residues and the phase offset of the interferogram perfectly fulfill this condition while for the deformation it would be an acceptable approximation. Then, subtracting the neighbouring phase from the central phase gives (4)
where The phases due to DEM errors (ε central DEM and ε neigh DEM ) of the central and neighboring pixels can be rewritten as (5) and (6), respectively.
where λ, B n , R 0 and ϑ 0 are the wavelength, the perpendicular baseline, the absolute range distance in the LOS direction between the sensor and the target and the incidence angle, respectively. Then we
where
DEM is the difference of DEM errors between the central and the averaged error of the neighboring pixels. We use Equation (8) to estimate each pixel's ε DEM and then the
is calculated by Equation (7).
arg max
has been estimated and then ψ central noise can be derived by Equation (4) The time of pass of the satellite for the TSX data acquisitions was early in the morning, around 
337
Previous results have confirmed that the location and evolution of the landslide body has not changed 338 significantly during the recent years. This fact is in good agreement with the geological expectations.
339
Among the three pixel selection methods, D A and TSC select pixels that behave as point scatterers
340
while TPC can work on both point and distributed scatterers (DSs). Since there are many DS pixels
341
(e.g. the road) in the study area, TPC obtains a much higher density of measurement pixels (MP) than 342 D A and TSC approaches. Notice in Figure 8 
InSAR-measured velocity (LOS)
(
351
To better analyse the details of the landslide, the three subareas' monitoring results have been
352
enlarged and plotted in Figure 9 . From column A (results of the subarea A) we can find that the 
Comparison with GPS Measurements
385
The displacement velocities of the 37 GPS control points introduced in section 2.3 have been
386
projected to the LOS direction [49, 50] to compare them with the DInSAR results, as shown in Figure   387 8d. In subarea A of Figure 8d , a small displacement with a velocity around -1 cm/yr has been detected.
388
In the subarea C, significant movement with velocity around -4 cm/yr has been monitored by the rectangle in Figure 8d ), where there are no counterpart PSI pixels in its near vicinity. However, the 393 further neighboring PSI pixels present LOS velocities about -1.5 cm/yr, evidencing the agreement of 394 the GPS and PSI results also in this subarea.
395
To summarize the comparison, a scatter plot with the GPS and PSI derived displacements is shown 396 in Figure 11 . In this plot, the PSI displacements are estimated by averaging those of the neighbouring 397 pixels of the related GPS measurement point (less than 50m apart). In addition, they have been 
Down-slope (DSL) Direction Displacement Monitoring Result
406
The ground motion derived by DInSAR is along the LOS direction but it is usually projected to the 407 down-slope (DSL) direction to better interpret the landslide displacement. The detailed LOS to DSL 408 direction projection method can be found by referring to [12, 24] . As it is out the scope of this paper, we 409 do not describe it here. We projected the TPC method's ground displacement velocities to the DSL 410 direction, and the result is shown by Figure 12 . It has to be noted that, when doing the projection, landslide with respect the satellite path, most of the projection factors within this study area are small.
414
So the majority of PSs have been preserved, and the displacement patterns along the LOS and DSL 415 directions are similar (e.g. the neighboring area of P1). Except a small set of pixels nearby point P4 in 416 Figure 12 , the displacement velocities of the previous three displacement subareas (in Figure 8c ) have 417 not been heavily amplified via the projection.
418
Besides the subareas A, B and C in Figure 8 , in Figure 12 we have highlighted another subarea,
419
which is located at the foot of the hill. In this subarea, noticeable displacement has been identified at PSs surrounded by decorrelated pixels that were detected with SHR data are now mixed all together 447 due to the worse resolution and, consequently, not detected. shown in Figure 15 . Similarly, Figure 14 shows no noticeable displacement in any of the other two 453 subareas (subareas A and B in Figure 8c ). However, the small displacement at the base of the landslide 454 is detected with both PSI strategies and agrees with the results of SHR data. Moreover, the sparse 455 distribution of PSs, which can be poorly interconnected, allows the appearance of some outliers, pixels 
467
This study has demonstrated that improving the number of high-quality pixels for its later PSI 
